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[57] ABSTRACT 
A tone receiver, for receiving audio frequency tone 
signals typically used in telephone signalling, includes a 
reference frequency generator and a modulator for 
up-converting audio frequencies. Telephone network 
tone signalling is up-ccnverted and coupled to a ?lter 
including a piezoelectric element. Alternating current 
signals passing through the ?lter indicate the presence 
of a tone signal of a predetermined frequency. Multiple 
frequency tone signals are detectable using a plurality of 
modulators and ?lters, each modulator being supplied 
with one of a plurality of reference frequencies. In one 
example, balanced modulation is used with reference 
frequencies being supplied in the form of square waves. 
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TELEPHONE TONE SIGNALLING RECEIVER 
WITH UP-CONVERSION OF FREQUENCY OF 

TONES CONTROLLED, BY WORD 
INSTRUCTIONS 

The present invention relates to telephone systems 
generally and more particularly to a method and appa 
ratus for receiving analogue tone signalling. 
The economical manufacture of telephone switching 

equipment is often decided by the extent of the‘ world 
marketplace in which the manufacturer can sell the 
equipment. The future development of new and poten 
tially better telephone switching facilities is considered 
in the light of the available market potential. One of the 
major factors in determining the extent, and hence the 
potential of the market is the compatibility of the manu 
facturer’s switching equipment as it relates to the tele 
phone network standards in various countries. Clearly, 
before the switching equipment can even be considered 
by a potential customer, it must be compatible with the 
customer’s present telephone network. 
One of the requirements of the typical telephone 

switching facility is that it be able to receive supervi 
sory information from other switching facilities and also 
send supervisory information to other switching facili 
ties. This is often typically accomplished by means of 
tone signalling. Different telephone systems have differ 
ent tone signalling standards as to the frequency, ampli~ 
tude, duration and combination of tone signals and in 
certain circumstances as to whether or not signalling is 
required. For example, in the North American trunking 
networks, the multiple frequency (MF) signalling sys 
tem is used almost universally. In the MF signalling 
system a destination or intermediate of?ce sends a “pro 
ceed-to-send” or “wink” signal to the originating of?ce 
which in turn sends all the supervisory information via 
tone signals. In Europe, a compelled multiple frequency 
(CMF) signalling system is typically used. An originat 
ing of?ce in this system sends one digit of supervisory 
information via tone signals, until the terminating of?ce 
indicates via another tone signal that the required super 
visory digit has been received and so on for each digit 
until all the required supervisory information has been 
transmitted and received. Equipment in the particular 
telephone system must be compatible with the signal 
ling system or systems in order to receive and send 
signalling. 
Major compatibility problems exist in adapting 

switching equipment of one design to telephone net 
works having different signalling schemes or formats. 
Typically, a new receiver compatible with the switch 
ing facility and with the customer’s telephone network 
signalling scheme must be designed and developed each 
time a manufacturer is to enter a marketplace having a 
different signalling system. This carries two basic disad 
vantages; one being that the manufacturer must absorb 
the cost of the new design and development which 
places him at economic disadvantage particularly in 
relation to a domestic manufacturer; and the second 
being that the manufacturer consequently may not be 
able to deliver as promptly as would the domestic man 
ufacturer. 

In the United States patent application Ser. No. 
717,618 by E. A. Munter and myself ?led on'Aug. 25, 
1976, now US. Pat. No. 4,076,965, we disclosed a “Uni 
versal Receiver/Sender,” the receiving portion of 
which included a plurality of commutating ?lters. Each 
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2 
of these commutating ?lters depends upon an input 
clock frequency to de?ne its centre pass frequency. 
However, compared to some other ?lters these ?lters 
do not have a highly pronounced passband and stop 
band. Hence the signal fed to each of the commutating 
?lters was pre?ltered via at least one preceding active 
?lter which was selected from a group of ?lters. This 
arrangement provided a degree of ?exibility in a recei 
vet/sender heretofore unknown. However, due to the 
qualities of the commutating ?lter, the performance of 
the receiver was merely adequate and without a signi? 
cant margin of reserve which operating companies pre 
fer to have in their equipment. Furthermore the dis 
closed universal receiver/sender is relatively expensive. 
The present invention provides a tone signalling re 

ceiver having improved performance and simpli?ed 
circuitry while maintaining the ?exibility of a receiver 
having commutating ?lters. 

In accordance with the present invention a tone sig 
nal receiver for detecting audio frequency tone signal 
ling comprises a modulator and a ?lter connected in 
series, the ?lter having predetermined passband charac 
teristics. The modulator receives a ?rst signal having a 
preselected frequency and a tone signal. In the modula 
tor the ?rst signal is modulated ‘by the tone signal to 
produce a new signal having a frequency component 
removed from the preselected frequency by an amount 
corresponding to the frequency of the tone signal. If the 
received tone signal is of a predetermined frequency, an 
alternating current signal appears at the output of the 
?lter. 

In one embodiment, the ?lter includes a piezoelectric 
element resulting in a sharply de?ned passband charac 
teristic. Also, the ?rst signal is provided in the form of 
a square wave signal to a balanced modulator to gener 
ate a modulated signal in which the preselected fre 
quency is substantially suppressed at the output of the 
modulator. The combined effect of these features pro 
vide a highly sensitive and selective tone receiver. 

In accordance with the present invention there is also 
provided a method for detecting audio frequency tone 
signalling. The method comprises the steps of up-con 
verting a received audio frequency tone signal and ?l 
tering the up-converted signal in a ?lter having a prede 
termined and ?xed passband characteristic. The detec 
tion of a signal at the output of the ?lter indicates the 
presence of a tone signal of a predetermined frequency. 
Also in accordance with the present invention, a 

method for determining whether or not the operating 
characteristics of a tone signalling sender are within 
prescribed ?rst and second limits is provided. The 
method is operable in a system having a tone receiver 
apparatus for receiving tone signals, the tone receiver 
having a passband of at least twice the width of ?rst and 
second operating frequency limits of the sender. The 
tone receiver apparatus is responsive to a word instruc 
tion to de?ne the passband thereof. A tone signal is 
transmitted from the tone signalling sender to the tone 
receiver apparatus. The tone receiver apparatus is oper 
ated with a ?rst word instruction and then with a sec 
ond word instruction causing one andthe other edges of 
the passband of the tone receiver apparatus to corre 
spond with the ?rst and second limits respectively. The 
receipt of the tone signal during operation of the tone 
receiver apparatus with both said ?rst and second word 
instructions indicates that the tone signalling sender is in 
satisfactory operating condition. 
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An example embodiment of the invention will now be 

described with‘ reference to the accompanying draw 
ingsinwhich: ‘ ' ' »» v - -' 

FIG. 1 is a schematic-block diagram of a receiver 
circuit in accordance with the invention; ' .7 ‘w ‘ 

FIG. 2 is a graphical illustration of typical passband 
characteristics of afilter illustrated in FIG. ‘1; = ' ' 

FIG. 3 is a schematic and block-diagram ‘of an inter 
face circuit<for selecting from the outputs of the re 
ceiver in FIG._1 those outputs indicating the receipt of 
tone signals; and - - 

FIG. 4 is a graphical representation of one of the 
functions of the circuit in FIG. 3. - - 

The receiver circuit in FIG. 1 may be substituted for 
the receiver portion of the receiver/sender apparatus 
disclosed in‘ the previously mentioned patent by E. A. 
Munter et al. A bandpass ?lter10 includes an input port 
11 for connection via a telephone switching facility to a 
signalling path in. a telephone network. The output of 
the passband ?lter 10 is connected toan automatic gain 
control ampli?er 12. Tone detector circuits 60-65 are ‘ 
each adapted to receive a different tone signal and each 
circuit includes an audio signal input connected to the 
output of the automatic’ gainv control ampli?er..12..A 
programmable clock includes an adder ‘141 having an 
input port 13 for receiving instruction words from a 
word store or the like. ‘The adder 14 is connected to 
shift registers 15 which include a least signi?cant bit 
shift register 15a and a most signi?cant bit shift register 
15n. Each of the shift registers ‘is connected to a clock 
port 16 for receiving clock pulses CKl. An output reg 
ister 18 includes inputs ‘for receiving eight clock signals 
from the shift register 15n, a clock input port 17‘ for, 
receiving clock pulses CK2‘and reference frequency 
outputs 20-27. Outputs 26 and 27 are intended for con 
nection to sine function generators “in the‘ associated 
sender and are merely shown to indicate that a variety 
of timing or reference functions are typically generated 
by the programmable clock in a receiver/sender appa 
ratus. The reference frequency outputs 20-25 are‘ con 
nected to a respective one of the tone detector circuits 

Each of the tone detector circuits 60-65 includes a 
balanced modulator'31 having an input for receiving 
audio signals from the automatic gain control ampli?er 
12 and an input for receiving one of the reference fre 
quencies from the programmable clock. A suitable bal 
anced ‘modulator 'is'an integrated circuit identi?ed as 
MCl596, the operation of which is described in an ap 
plication note AN-531 by Roy Hejhall and published by 
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Motorola Semiconductor Products Inc. The-output of p 
the balanced modulator'31~ is connected to the input of 
a buffer ampli?er '32, the output of which is connected 
via a capacitor 33 and a resistor 34 to a winding 
36 in a transformer 35.7‘ ' I ' ' ' ' 

The physical description of the receiver up to this 
point has included tone signal reception and up-con 
verting portions of the receiver. In operation, signalling 
tones received at the port 11 pass through the ?lter'10 
and are ampli?ed to a predetermined amplitude by the 
automatic gain control ampli?er‘ 12. The programmable 
clock.’ elements 14, 15 and 18, operates as described in 
the aforementioned patent application to ~‘produce 
square wave signals having a fundamental frequency of, 
for example about 80 KHz. In each balanced modulator 
31 the reference frequency from a respective output of 
the programmable clock is modulated ‘by ‘the audio 
signals received by the modulator. The resultant signal 
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4 
from the balanced modulator 31 includes frequencies 
removed from the fundamental frequency by an amount 
corresponding to the frequencies of the audio signal, 
however the fundamental frequency is substantially 
suppressed. The output of the balanced modulator 31 is 
coupled to a crystal ?lter circuit 38 via the buffer ampli 
?er 32'and the transformer 35. 

‘ The crystal ?lter circuit 38 includes piezoelectric 
elements‘ 40 and 41 connected in series across a centre 
tapped secondary winding 37 in the transformer 35. The 
junction between the piezoelectric elements 40 and 41 is 
the output of the ?lter and is connected to the input of 
a full wave recti?er 47. Capacitive elements 42-46 are 
connected as shown in FIG. 1 and in combination with 
the piezoelectric elements 40 and 41 provide a crystal 
?ltercircuit which'is adjustable‘ to a minor extent via 
variable capacitive elements 43 and 44. An example of 
component values suitable for construction of the crys 
tal filter are given in the table below: 

Filter Component Value 

40 crystal 81.892 KHz - 37.24 H 
41 crystal 81.926 KHz 35.62 H 
42 capacitor v 530 pf 
43-44 differential trimmer capacitor. 1.4 pf-6.7 pf 
45 capacitor > 182 pf 
46 capacitor 191 pf 

An example of a typical bandpass characteristic of the 
crystal ?lter is illustrated by the curve on the graph in 
FIG. 2. The horizontal and vertical axis of the graph are 
sealed in frequency and decibels respectively. Between 
-1 and '-2 decibels from the peak of the curve the pass 
band 'is‘between 40 and 50.Hz,wide and at about -30 
decibels from the of. the curve the passband is 
between 160 and 180'Hz wide. This precisely de?ned 
passband width is ideally suited to the reception of tone 
signalling. The full wave recti?er 47 is ‘followed by 
smoothing circuit 48, the output of which comprises the 
o'utput'of the tone detector. 

' In operation, a predetermined tone frequency signal 
up-converted in the modulators 31 is passed through 
one of the crystal ?lters and detected’in the full wave 
recti?er 47. The detected signal is smoothed in the 
smoothing circuit 48. The smoothing circuit 48 can be 
for example a low pass ?lter‘circuit or an active integra 
tor circuit. The response time of the tone detector is in 
the order of a few cycles duration of the frequency of 
the tone signal from the time the tone signal is initially 
received. This is because the up-converted signal is of a 
very high frequency relative the original tone signal 
frequency. The response time of the tone‘ detector is 
therefore rapid in comparison to typical analogue high 
Q tone ?lters operating at audio frequencies. 

‘ The outputs of the tone detector circuits 60-65, in 
FIG. 1 are connected to respective ones of diodes 
110-115, resistors 120-125, and selection circuits 
130-135. The cathodes ,of the diodes 110-115 are con 
nected together'and to a voltage following ampli?er 
116. The-highest level signal from among the tone de 
tector circuits 60-65 is passed by one of the respective 
diodes 110-115 and applied to the non-inverting input 
of the ampli?er 116. The threshold level and gain of the 
ampli?er 116 are determined by its associated resistor 
network, in a' well knowinrrnanner. The output of the 
ampli?er 116 is connected to a threshold generator 140 
and also to the inverting input of a comparator 117. The 
output of the comparator ‘117 is connected to a signal 
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level terminal 119. The non-inverting input of the com 
parator 117 is connected to the terminal 119 via a resis 
tor 119a and to the wiper arm of a potentiometer 118 via 
a resistor 11%. The potentiometer 118 is connected 
between a positive voltage +V and ground. A refer 
ence potential is established at the arm of the potentiom 
eter 118 which in combination with positive feedback 
conducted via the resistor 119a, from the signal level 
terminal 119, establishes a threshold at the non-invert 
ing input of the comparator 117. In the event that the 
signal at the signal level terminal 119 is of a low poten 
tial it is an indication that suf?cient signal is being de 
tected by at least one of the detector circuits 60-65 to be 
representative of valid signalling. 
The sum of all the signals from the tone detector 

circuits 60-65 is derived at the junction between the 
resistors 120-125. This junction is connected to the 
inverting input of an ampli?er 126. This sum is ampli 
?ed with an amount of gain as determined by the resis 
tive network associated with the ampli?er 126 to gener 
ate a sum signal. The sum signal is applied to the non 
inverting input of a differential ampli?er 127. The signal 
from the output of the ampli?er 116 is applied to the 
inverting input of the differential ampli?er 127. When 
the output of the ampli?er 116 is substantially more 
positive than the sum signal at the output of the ampli 
?er 126 the otput of the differential ampli?er 127 tends 
toward a negative potential. A comparator 128 includes 
an inverting input connected to the output of the differ 
ential ampli?er 127 and an output connected to a twist 
terminal 129. The non-inverting input of the compara 
tor 128 is connected to the terminal 129 via a resistor 
129a and to the wiper arm of a potentiometer 128a via 
a resistor 12%. A reference potential is established at 
the arm of the potentiometer 128a which in combina 
tion with positive feedback conducted via the resistor 
129a from the twist terminal 129 establishes a threshold 
at the non-inverting input of the ampli?er 128. When 
the signal level from the differential ampli?er 127 tends 
to be suf?ciently more negative than the potential at the 
arm of the potentiometer 128a, the output of the ampli 
?er 128 becomes more positive. This indicates, at the 
twist terminal 129, an out of limits imbalance or twist 
between the signals detected by the tone detectors 
60-65. When the outputs of the ampli?er 116 and the 
ampli?er 126 correspond more closely, the output of 
the ampli?er 128 tends toward negative indicating an 
acceptable balance or twist. The threshold of the twist 
indication can be varied by manual adjustment of the 
potentiometer 128a. It should be noted that both the 
comparators 117 and 128 have positive feedback loops 
associated with them, which include the resistors 119a 
and 129a respectively. These positive feedback loops 
provide threshold voltage hysteresis to prevent the 
output of each comparator from changing in response 
to insigni?cant interruptions or variances in the tone 
signals being received. 
Each of the selection circuits 130-135 include a com 

parator 136 with a positive feedback loop connected 
between the non-inverting input and the output of the 
comparator 136 via a resistor 136a. A threshold signal 
from the threshold generator 140 is connected along 
with another positive feedback loop to the inverting 
input of the comparator 136. The other feedback loop 
includes an ampli?er 138 and a resistor 138a. An invert 
ing ampli?er 137 includes an input connected to the 
output of the comparator 136 and an output connected 
to an output terminal 139 and the input of the ampli?er 
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6 
138. In the presence of a substantial signal from one of 
the tone detectors the associated selection circuit gener 
ates a low signal at its output to indicate the receipt of 
a tone signal. On the other hand a higher potential at its 
output indicates that insuf?cient signal is being received 
from the associated tone detector. 

Referring now to the threshold generator 140 in FIG. 
3, the structure of the threshold generator circuit will 
become apparent in the following functional description 
in which only the active components of the circuit are 
identi?ed. In a quiescent state the input at the base elec 
trode of a transistor Q; is relatively low causing transis 
tors Q2, Q1 and Q5 to be OFF. Transistors Q6 and Q7 
each have their collector electrodes connected via resis 
tors with the positive supply +V and their emitter 
electrodes connected in common with the output 141 of 
the threshold generator 140. As the transistor Q5 is OFF 
the transistor Q; is ON, and causes the potential at the 
output 141 to approach the potential of the positive 
supply +V. When a signal is ampli?ed by the ampli?er 
116, the input to the threshold generator 140 becomes 
more positive. This causes the transistors Q2, Q1 and Q5 
to be ON and the transistor Q6 to be OFF. Consequently 
the transistor Q7 is ON. In this case the potential on the 
output 141 follows the potential at the output of the 
ampli?er 116, however scaled by a variable resistor R2. 
The potential at the collector electrode of the transis 

tor Q1 is fed back in a positive manner to the base elec 
trode of the transistor Q2. This positive feedback pro 
vides the threshold generator with an input hysteresis 
characteristic so that its function is not unduly disturbed 
by minor variations in the signal level from the ampli?er 
116. The signal level at which the transistor Q2 switches 
ON is sharply controlled by a constant current func 
tional chain including transistors Q3 Q4. The potential of 
the emitter electrode of the transistor Q; is determined 
via the transistor Q3 and the setting of a potentiometer 
R1. 
A typical variance of the signal from the threshold 

generator is shown graphically in FIG. 4. The vertical 
axis is graduated in relative amplitude and the horizon 
tal axis represents time. The amplitude of the signal 
from the ampli?er 116 is represented by a solid line 116a 
and the output from the threshold generator circuit 140 
is represented by a broken line 141a. It will be noted 
from observing FIG. 4 that the moment there is a sharp 
rise in the level of the signal from the ampli?er 116 
indicating that a tone signal is being initially received, 
there is an abrupt drop in the signal from the threshold 
generator circuit 140. This encourages the associated 
ones of the selection circuits 130-135 to respond to the 
outputs of the associated‘tone detector circuits 60-65. 
Thereafter the threshold signal substantially follows the 
level of the signal from the ampli?er 116 to substantially 
prevent a delayed incorrect response by another of the 
selection circuits 130-135. Typically two selection cir 
cuits will respond as typically two tones with less than 
about 7 decibels of amplitude difference or twist are 
simultaneously received during multi-frequency signal 
ling. 

In operation in a telephone system, the receiver appa 
ratus in the example embodiment uses a clock signal 
CKl having a frequency of about 5.242880 MHz with 
the clock CK2 derived by dividing the clock signal 
CKl by eight. Under these circumstances the program 
mable clock will operate to produce square wave sig 
nals at a fundamental frequency of r 81,920 Hz while 
receiving a binary instruction word of the value two 
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taken to the thirteenth power (213). The crystal ?lters 
are each constructed to have a centre frequency of 
81,920 Hz and the programmable clock typically re 
ceives the least signi?cant 8 bits of the word instruction 
from an alterable source in order to offset the outputs of 
the programmable generator by the amounts of the 
frequencies intended for detection. 
The tone receiver apparatus is adaptable for use in a 

maintenance procedure to check the performance of a 
tone signalling sender. In the maintenance procedure 
the programmable clock is caused to deviate from the 
prescribed fundamental frequency by a small predeter 
mined amount. This deviation cau'ses a similar deviation 
in the frequency of the reference signal from the regis 
ter 18 and in essence alters the effective pass band in the 
associated tone receiver. The amount of deviation used 
can be up to as much but not more than about one half 
the width of the pass band characteristic of each of the 
?lters in the tone detector 60-65. To check the perfor 
mance of a selected tone signalling sender, the selected 
sender is activated to transmit a predetermined tone 
typically through the associated switching facility, to 
the tone receiver apparatus. The tone receiver is oper 
ated with deviations from the intended frequency corre 
sponding to ?rst and second predetermined allowable 
limits in the performance of the sender. A sender circuit 
which is in proper working order will continue to be 
detected by the tone receiver apparatus while its centre 
?ltering frequency is varied between the ?rst and sec 
ond predetermined limits. On the other hand a sender, 
out of operational frequency speci?cation will not be 
detected during tone receiver operation at one of the 
?rst and second limits. In order to implement this main 
tenance procedure word instruction sets are supplied to 
perform this function as required. This function can also 
be performed manually. For example, in FIG. 1 a 5 bit 
binary switch 9 is connected with the adder 14 so that 
the resulting reference frequencies are manually alter 
able to ?rst and second limits. 
Although the example embodiment is directed 

toward implementing a ?exible tone receiver for multi 
frequency (MF) or compelled multifrequency (CMF) 
telephone signalling, it is quite conveniently adaptable 
to receiving dialling tone signals from a subscriber ap 
paratus for example as in a DIGITONE* or TOUCH 
TONE“ system. In an alternate embodiment solely one 
reference frequency may be used with the pass band of 
each of the ?lters, in an appropriate number of tone 
detectors arranged to be mutually exclusive. In this 
case, as there is only one reference frequency source, 
there need be only one modulator with each of the 
?lters being fed directly from it. 
‘Trademark 

What is claimed is: I 

1. A tone receiver apparatus for use in combination 
with a telephone switching facility in a telephone net 
work in which supervisory signalling is carried by audio 
frequency signals of predetermined frequencies, the 
tone receiver apparatus comprising: 
means responsive to a plurality of word instructions 
from the telephone switching facility for generat 
ing a corresponding plurality of reference signals, 
each one having a respective fundamental fre 
quency, greater than an audible frequency; 

a plurality of modulator circuits each having a ?rst 
input for receiving tone signals from the telephone 

5 

20 

25 

35 

45 

55 

60 

65 

8 
network and a second input connected to the gen 
erating means for receiving a respective one of the 
reference signals, each modulator being responsive 
to the signals appearing at said ?rst and second 
inputs for producing at its output an alternating 
current signal having a frequency removed from 
the frequency of the respective reference signal by 
the amount of the frequency of the tone signal 
received from the telephone network; 

a plurality of recti?er circuits for generating a direct 
current in response to an alternating current, each 
of the recti?er circuits being associated with a 
respective one of the modulator circuits; 

a plurality of ?lter circuits each having a predeter 
mined pass band characteristic, each ?lter circuit 
being connected in series between one of the modu 
lator circuits and its associated recti?er circuit, 
each ?lter circuit being adapted to pass signals 
within its pass band characteristic to the associated 
recti?er circuit, whereby a plurality of detectable 
tones is determined by the word instruction. 

'2. A tone receiver apparatus as de?ned in claim 1 in 
which the pass band and centre frequency characteris 
tics of each of the ?lter circuits substantially correspond 
one with the other whereby the frequency of each de 
tectable tone is substantially determined solely by the 
reference signal received by each modulator circuit. 

3. A tone receiver apparatus as de?ned in claim 2 
wherein each modulator circuit is a balanced modulator 
circuit, and the means for generating the reference sig 
nals includes means for generating each reference signal 
in the form of a substantially square wave signal. 

4. A tone receiver apparatus as de?ned in claim 2 
wherein each ?lter circuit includes‘ a crystal element, 
said crystal element substantially determining the centre 
frequency of its associated ?lter circuit. 

5. A tone receiver apparatus as de?ned in claim 3, 
wherein each ?lter circuit includes a crystal element, 
said crystal element substantially determining the centre 
frequency of each of its associated ?lter circuits. 

6. A method fordetecting tone signalling, from a 
telephone network having switching facilities in a re 
ceiver which includes a plurality of filter circuits each 
having ultrasonic pass band characteristics determined 
by a piezoelectric element, the method comprising the 
steps of: 

(a) generating reference frequency signals each hav 
ing a fundamental frequency within a frequency 
spectrum corresponding to a typical frequency 
spectrum of resonant operation of said piezoelec 
tric elements, the fundamental frequency of each 
reference signal being de?ned by one of a predeter 
mined set of word instructions from one of the 
switching facilities; 

(b) up-converting audio signals from the telephone 
network with said plurality of reference frequency 
signals; 

(0) ?ltering the up-converted signals associated with 
each of reference frequency signals in each of the 
?lter circuits; 

((1) detecting the output of each of the ?lter circuits; 
whereby the presence of a tone signal having a prede 

termined frequency associated with one of said 
word instructions is indicated. 

I III * * * * 


